Abstract. From the apparent magnitude-limited the Main galaxy sample of the Sloan Digital Sky Survey Data Release 7, we construct a paired galaxy sample and a control sample without close companions with the projected separations r p < 100 h −1 kpc and relative velocity ∆V < 350 km/s, and then perform their comparative studies. It is found that galaxy pairs have significantly lower star formation rate (SFR) and specific star formation rate (SSFR) than galaxies without close companions. We also find that this effect probably originates due to a correlation between the environment and the SFR.
INTRODUCTION
N-body simulations showed that mergers and interactions of galaxies lead to enhanced star formation (Negroponte & White 1983; Barnes & Hernquist 1992; Mihos & Hernquist 1996; Springel 2000; Tissera et al. 2002; Meza et al. 2003; Kapferer et al. 2005; Cox et al. 2006) . Such a standpoint was also reached by many statistical works of observational data (Kennicutt et al. 1987; Barton et al. 2000; Lambas et al. 2003; Alonso et al. 2004a Alonso et al. , 2006 Nikolic et al. 2004; Ellison et al. 2008; Li et al. 2008a,b; Hwang et al. 2010 Hwang et al. , 2011 Scudder et at. 2012a) . Kennicutt et al. (1987) observed a trend for enhanced star formation in close pairs. Barton et al. (2000) showed that there is a clear correlation between the relative velocity separations and star formation activity in galaxy pairs in the field. Lambas et al. (2003) found that star formation in pairs of galaxies is significantly enhanced over that of isolated galaxies with similar redshifts. Nikolic et al. (2004) reported that the mean SF rate is significantly enhanced in pairs of galaxies with the projected separation r p < 30 h −1 kpc. Li et al. (2008a,b) also confirmed that there is a strong connection between galaxy interactions and enhanced star formation.
However, there have been a number of dissenting papers (Yee & Ellingson 1995; Patton et al. 1997; Bergvall et al. 2003; Brosch et al. 2004; Smith et al. 2007 ). Yee & Ellingson (1995) and Patton et al. (1997) found no significant differences between the mean properties of isolated galaxies and galaxies in pairs. Bergvall et al. (2003) explored a sample of 59 interacting and merging systems and showed that these systems do not differ very much from isolated galaxies in terms of their global star formation rates. Alonso et al. (2004a) indicated that pairs in groups were systematically redder and with a lower present-day star formation activity than other galaxy members, except for galaxy pairs with r p < 15 h −1 kpc. Deng (2012) used the Main galaxy sample (Strauss et al. 2002) of the Sloan Digital Sky Survey Data Release 7 (SDSS DR7) (Abazajian et al. 2009 ), and investigated the environmental dependence of luminosities in all five passbands. The Main galaxy sample of the SDSS is an apparent magnitude-limited sample, which seriously suffers from the Malmquist bias (Malmquist 1920; Teerikorpi 1997) : the averaged luminosity of galaxies increases with increasing distance, caused by the fact that less luminous galaxies at larger distances are not detected. To avoid this radial selection effect, one needs to transform the apparent magnitude-limited sample to the volume-limited sample. This means, however, that a large fraction of the data is out of use. To decrease the radial selection effect, Deng (2012) divided the whole apparent magnitude-limited Main galaxy sample of SDSS into some subsamples with the redshift binning sizes ∆z = 0.01, and analyzed the environmental dependence of the five band luminosities of subsamples in each redshift bin. Applying the same method and several relatively new and publicly available catalogs, Deng et al. (2012) further explored the environmental dependence of stellar mass, star formation rate (SFR), specific star formation rate (SSFR) and the activity of active galactic nuclei (AGN) in the apparent magnitude-limited Main galaxy sample of the SDSS DR7. In the present study, we use the same dataset as Deng et al. (2012) to investigate the effect of galaxy interactions on star formation. An advantage of the apparent magnitude-limited sample is the effective use of the observational data. However, it is important to bear in mind that in such apparent magnitude-limited sample we should do our best to decrease the influence of the radial selection effect on the statistical result.
Our paper is organized as follows. In Section 2 we describe the data used. In Section 3 we investigate the effect of galaxy interactions on star formation. The main results and conclusions are summarized in Section 4.
In calculating the distance, we used a cosmological model with a matter density Ω 0 = 0.3, cosmological constant Ω Λ = 0.7, the Hubble constant H 0 = 70 km s −1 Mpc −1 .
THE DATASET

Summary of the dataset
The SDSS properties were described in detail in the Early Data Release paper (Stoughton et al. 2002) . In this study, we use the Main galaxy sample (Strauss et al. 2002) of the SDSS DR7 (Abazajian et al. 2009 ), like in our earlier papers (Deng 2012; Deng et al. 2012) . The data were downloaded from the Catalog Archive Server of SDSS DR7 by the SDSS SQL Search (with SDSS flag: bestPrimtarget&64 > 0) with the high-confidence redshifts (Zwarning ̸ = 16 and Zstatus ̸ = 0.1, and the redshift confidence level zconf > 0.95)
1 . This apparent magnitude-limited Main galaxy sample contains 565 029 galaxies in the redshift range 0.02 ≤ z ≤ 0.2.
Galaxy pairs
When extracting galaxy pairs, Patton et al. (2005) used a projected separation r p < 20 h −1 kpc and a rest-frame relative velocity ∆V ≤ 500 km/s criteria. Barton et al. (2000) selected pairs and N-tuples to have the projected separation r p < 50 h −1 kpc and the velocity separation ∆V ≤ 1000 km/s. Lambas et al. (2003) identified galaxy pairs by the radial velocity (∆V ≤ 350 km/s) and the projected separation (r p ≤ 100 h −1 kpc) criteria. In the Focardi et al. (2006) volume-limited sample of 89 isolated pairs of galaxies, the projected separation between pair members is r p < 200 h −1 kpc. Apparently, the choice of the projected separation criterion for identifying galaxy pairs is somewhat arbitrary. But the projected galaxy separation adopted by most authors ranges from 20 h −1 kpc to 200 h −1 kpc. Some authors demonstrate that r p ≤ 100 h −1 kpc and ∆V ≤ 350 km/s can be defined as reliable upper limits for the relative radial velocity and the projected distance criteria to select galaxy pairs with stronger specific star formation than the average galaxies in the SDSS and 2dF galaxy redshift survey (Lambas et al. 2003; Alonso et al. 2004b Alonso et al. , 2006 Alonso et al. , 2007 . By applying the same selection criteria, we identify 11387 pairs in the apparent-magnitude limited Main galaxy sample.
Control sample
A control sample is constructed by randomly selecting galaxies without close companions within r p < 100 h −1 kpc and ∆V < 350 km/s. When studying the effects of galaxy interactions, the galaxies in pairs are compared with the isolated galaxies. Perez et al. (2009) explored how the way of building a control sample introduces biases, which could affect the interpretation of the results, and claimed that a suitable control sample for isolating the effects of interactions should be built by imposing constraints on redshift, stellar mass, local environment, morphology and halo mass. However, considering the correlations among the galaxy properties one should realize that imposing too many constraints also washes out the difference of galaxy properties between the control and the pair samples.
The power-law model of star formation history suggests that the SFRs of all galaxies evolve as: SFR(z) ∞(1 + z) β (e.g., Baldry et al. 2002; Glazebrook et al. 2003; Brinchmann et al. 2004 ). Due to the radial selection effect in the apparent magnitude-limited Main galaxy sample, redshift distributions of the paired and isolated galaxies likely are fairly different. This leads to the difference of the SFR and SSFR distributions between the paired and isolated galaxies. Thus we believe that the redshift is the most fundamental quantity in the selection effects. Consequently, to decrease the radial selection effect, the control sample is required to have the same galaxy number and the same redshift distribution as the pair sample.
THE INFLUENCE OF GALAXY INTERACTIONS ON STAR FORMATION
We will make an attempt to explore the connection between the galaxy interactions and the enhancement of two physical parameters: the star formation rate (SFR) and the specific star formation rate (SSFR) which is defined as the star formation rate per unit stellar mass. We downloaded the total SFR and the total SSFR from "The MPA-JHU DR7 release of spectrum measurements" 2 . The star formation rates in this Web are based on the technique discussed in Brinchmann et al. (2004) . In our study, the results of the MEDIAN estimate are used. Figure  1 shows the SFR and SSFR distributions for the pair and the control samples. As is seen from this figure, galaxy pairs preferentially have much lower SFR and SSFR than galaxies without close companions, which is not consistent with widely accepted conclusion: galaxy interactions are linked to the enhanced star formation.
We measure the projected local density PLD = N/πd 2 5 (galaxies Mpc −2 ), where d 5 is the distance to the 5th nearest neighbor within ± 1000 km s −1 in the redshift (e.g., Goto et al. 2003; Balogh et al. 2004a,b) . It presents the projected local density distribution for the pair and the control samples. The x-axis of this figure is logarithmic. As is seen from Figure 2 , paired galaxies preferentially tend to reside in the denser environments with respect to galaxies without close companions. According to the correlation between the environment and SFR, the galaxies in a dense environment have suppressed their SFRs (e.g., Hashimoto et al. 1998; Lewis et al. 2002; Gómez et al. 2003; Balogh et al. 2004a; Tanaka et al. 2004; Kelm et al. 2005; Deng 2010; Scudder et at. 2012b) , what easily explains the result of Figure 1 . Lambas et al. (2003) reported that about 50% of galaxy pairs in the field do not show signs of significant star formation activity. Alonso et al. (2004a) also found a trend for galaxy-galaxy interactions to be less efficient in triggering star formation in high density regions in comparison with galaxies without close companions. However, for pairs in the field and in groups, Lambas et al. (2003) and Alonso et al. (2004a) obtained similar relative projected distance and relative radial velocity thresholds (r p ≃ 25 h −1 kpc and ∆V ≃ 100 km/s) within which star formation is significantly enhanced with respect to galaxies without close companions. Ellison et al. (2008) found an enhancement in the star formation rate of the galaxy pairs at projected separations < 30-40 h −1 70 kpc. Scudder et at. (2012a) demonstrated that paired galaxies have typical SFR enhancements that are, on average, 60% higher than the control sample at r p < 30 h −1 70 kpc. This is likely due to lower density environments having fractionally more galaxy pairs with small projected separations r p and relative velocities ∆V (Ellison et al. 2010) . In the studies of Lambas et al. (2003) and Alonso et al. (2004a) the control sample is required to have the same redshift distribution as the whole pair sample (r p ≤ 100 h −1 kpc and ∆V ≤ 350 km/s). But the redshift distribution of this control sample is different from the pair subsample with r p ≤ 25 h −1 kpc and ∆V ≤ 100 km/s, which results in statistical difference between the pair subsample and the control sample. So, these results also cannot be interpreted as evidence that the interactions between galaxies trigger the enhanced star formation.
We also applied the selection criteria r p ≤ 25 h −1 kpc and ∆V ≤ 100 km/s to the Main galaxy sample and identified 711 pairs. Figure 3 shows the SFR and SSFR distributions for the pair subsample and the control sample. It is evident that the statistical difference between the pair subsample and the control sample is small. A possible explanation is that the galaxy pairs with small projected separations (r p ) and relative velocities (∆V ) are more frequent in the field environment. Figure 4 shows that the difference of the projected local density distribution between both samples is also small.
A new control sample was constructed by randomly selecting galaxies without close companions within r p < 25 h −1 kpc and ∆V < 100 km/s, with the additional requirement to have the same galaxy numbers and the same redshift distribution as the pair subsample. Figures 5-6 show the SFR, SSFR and density distributions for the pair subsample and the new control sample. The statistical difference between the pair subsample and the new control sample is evidently smaller.
The error bars in the histograms may change with binning sizes. This influences the level of significance of statistical results. The Kolmogorov-Smirnov (KS) test checks if two independent distributions are similar or different, by calculating a probability value. The lower the probability value is, the less likely the two distributions are similar. Conversely, the higher or closer to 1 the value is, the more similar the two distributions are. The probabilities of two distributions in the KS test coming from the same parent distribution are listed in Table 1 , which is in good agreement with the conclusion obtained by the histograms.
Statistical conclusions of this study are different from those of Lambas et al. (2003) and Alonso et al. (2004a) . This can be explained by two facts. First, the SFR estimators are different. Lambas et al. and Alonso et al. estimated the stellar birthrate parameter, b = SFR/<SFR> for each galaxy which provides a useful measure of the present level of star formation activity of a galaxy related to its mean past SF history. In the present study SFR is based on the technique proposed by Brinchmann et al. (2004) who derived the SFR directly from the emission lines and indirectly from the measured break at 4000Å value. Inside the fibre, Brinchmann et al. have applied different methods for different classes. Outside the fibre, they have used the color method to estimate the SFR. Second, statistical methods also are different: Lambas et al. (2003) and Alonso et al. (2004a) compared the mean b parameters for galaxy pairs with the mean b parameter for the control sample, while in this study we present the SFR and the SSFR distributions for the pair and the control samples. We believe that these different results may suggest that one should accept previous conclusions with caution. Figures 1-6 where two independent distributions in each figure are drawn from the same parent distribution. 2.2e-06
RESULTS
Applying the widely accepted selection criteria: r p ≤ 100 h −1 kpc and ∆V ≤ 350 km/s, we construct the paired galaxy sample and the control sample without close companions within r p < 100 kpc and ∆V < 350 km/s, and then perform comparative studies between them. It is found that galaxy pairs preferentially have significantly lower SFR and SSFR than galaxy members without close companions. Further analyses shows that this is likely due to the correlation between the environment and SFR: galaxies in a dense environment have suppressed SFRs. Although enhanced star formation is seen in close pairs of galaxies, these results still cannot be interpreted as evidence that interactions between galaxies are the trigger of enhanced star formation. This suggests that some other mechanism is required to explain the star formation activity.
